With the development of international financial market, the degree of international financial integration increased significantly during the late 1980s and 1990s. A key factor underlying this process was the increased globalization of investments seeking a higher rate of return and the opportunity to diversify risk internationally. In this paper, we investigate the degree of international financial integration in Asia by This study has a strong implication for investors, in particular, from the perspective of Australian or US investors, whether they do benefit from investing in Asian bond markets.
INTERNATIONAL FINANCIAL INTEGRATION IN ASIAN

BOND MARKETS
Introduction
The degree of integration of financial markets around the world has increased significantly since the late 1980s. A key factor underlying this process has been the increased international financial integration and globalization of investments where investors seek higher returns and the opportunity to diversify risk internationally. At the same time, in the process of policies towards opening markets, many countries, especially developing countries, encourage capital openness by dismantling restrictions and controls on capital inflows and outflows, deregulating domestic financial markets, liberalizing restrictions on foreign direct investment and improving their economic environments and prospects through the introduction of marketoriented reforms. This helps to promote international financial integration (Agenor 2003) . Along with this process, a great number of studies have focused on the issues of international financial integration and investment diversification (Panton et al. 1976; Taylor & Tonks 1989; Von Furstenberg & Jeon 1989; French & Poterba 1991; Tesar & Werner 1992; Tahai et al. 2004; Voronkova 2004; Vo & Daly 2005a , 2005b . This paper investigates international financial integration in bond markets from the perspective of measuring correlations and cointegrations amongst bond yields over time. The basic assumption is that higher correlations indicate a greater degree of international financial integration (Kearney & Lucey 2004) . Parallel to the correlations, the estimation of cointegrations is also employed to assess the degree of international financial integration in bond markets. The assumption of perfect international financial integration is that there will be n-1 cointegrating vectors in a system of n indices (Bernard 1991; Kearney 1998 ).
The issue of international financial integration also has strong implications for international diversification. It is argued that increased international financial integration facilitates greater capital mobility and investors would invest capital in countries which offer the highest returns. The lifting of policy on cross-border capital controls and capital restrictions makes international diversification easier and accessible. Hence, in the world of perfect capital mobility, investors will have significant opportunities to diversify their portfolio to eliminate country-specific risks and achieve higher returns.
On the other hand, increased international financial integration would cause markets to move together (increased correlation and cointegration) and hence the diversification benefit obtained by investors will be diminished. In addition, the issue of home country bias is another obstruction to international diversification. Often, investors will hold equities and/or bonds from more than one national market in the expectation of achieving a reduction of risks via the resulting diversification as it is widely known that risks are normally country-specific. If international markets are strongly integrated, diversification will be less effective than if bond markets operated independently of one another. An important indication of the degree to which longrun diversification is available to international bond market investors is given by determining whether the markets are cointegrated.
Many empirical studies have been devoted to the examination of international integration in equity markets. However, the literature investigating relationships and integration in bond markets is very thin. Hence, this work will contribute to the This study has a strong implication for international investors, in particular, from the perspectives of Australian or US investors, whether there are considerable international diversification benefits from investing in Asian bond markets.
To explore the trading relationships between Asian bond markets, the techniques of correlations and Granger causality are utilized to test short-run relationships. The technique of cointegration and the error correction model is employed to investigate the long-run relationships.
The remainder of this paper is structured as follows. Section two reviews the literature. Section three describes the methodology employed in the study. Section four represents the data descriptive statistics. Section five reports the empirical results and the final section, six concludes the paper.
Literature Review
In terms of the current literature, there are many studies which investigate the integration of international equity markets employing correlation and cointegration techniques. However, their results are mixed and conflicting. Many studies found stability of the correlation structure over time (Panton et al. 1976; Watson 1980 ) but the preponderance of the literature indicates that there is instability in the relationship (Makridakis & Wheelwright 1974; Maldonado & Sounders 1981; Meric & Meric 1989; Fischer & Palasvirta 1990; Madura & Soenen 1992; Wahab & Lashgari 1993; Longin & Solnik 1995; Kearney & Lucey 2004) and that this is determined primarily by real economic linkages between countries (Bodurtha et al. 1989; Campbell & Hamao 1992; Roll 1992; Arshanapalli & Doukas 1993; Bachman & Choi 1996; Bracker & Koch 1999) . Employing the Engle-Granger cointegration methodology, Kasa (1992) examines the major equity markets over the [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] period and finds a single cointegrating vector indicating a very low level of integration. Other studies also find the similar results of low integration (Chan et al. 1992; Arshanapalli & Doukas 1993; Allen & MacDonald 1995; Gallagher 1995; Chan & Gup 1997) . Kanas (1998a) employs multivariate trace statistics, the Johansen method, and the Bierens nonparametric approach to test for pair wise cointegration between the US and each of the six largest European equity markets, namely those of the UK, Germany, France, Switzerland, Italy and the Netherlands for the data covering the period from 1983 to 1996. The results show that the US market is not pairwise cointegrated with any of the European markets and this suggests low levels of integration so that there exists potential long-run diversification benefits for US investors seeking to invest in European markets. Vo and Daly (2005a; 2005b) analyse and test 10 year period daily return data from 1994 to 2003 of Asian equity market indices and selected advanced nation's equity market indices. They employ correlation, cointegration and the Granger causality test. The results from their tests suggest a weak causal relationship between Asian equity markets and between Asian equity markets and developed countries' equity markets. This implies that there are potential diversification benefits for foreign investors from Australia and the US investing in Asian equity markets. In addition, employing the same methodology, Vo and Daly (2005a) also suggest that there are very low linkages amongst European equity markets and suggest that there are potential diversification advantages. On the other hand, other authors state that the long-run covariances between markets are higher than in the short-run, and hence the benefits of international diversification are lower (Grubel & Fadner 1971; Panton et al. 1976; Taylor & Tonks 1989) . Employing the more sophisticated Johansen multivariate approach, other studies yield the contrary results of strong integration (Chou et al. 1994; Hung & Cheung 1995; Kearney 1998; Gilmore & McManus 2002; Manning 2002; Ratanapakorn & Sharma 2002) On the other hand, there are very few studies examining the trading relationships between bond markets and to the best of the author's knowledge, there is none of the published research investigates these relationships in Asian bond markets. Mishkin (1984) argues that real returns on bonds are hardly equal and this is not consistent with the view that when both national financial markets are deregulated and international capital flows are liberalized, returns on comparable financial assets traded in domestic and foreign markets should be equal (Eijffinger & Lemmen 2003) .
In the Western developed economies, Mills & Mills (1991) empirically examine the interdependences between the four major bond markets of the US, the UK, West
Germany and Japan following a multivariate approach. Their study employs daily close-of-trade observations on the redemption yield with less than 5 years to maturity. They find that bond yields from these four markets are not cointegrated and in the long-run and are determined by their own domestic fundamentals. This suggests that there are potential international diversification benefits for investors investing in these four bond markets. The disadvantage of this study is that they use a small number of markets. Clare et al. (1995) investigate international bond markets using Salomon Brothers Total Return Government Bond indices with over five years to maturity for a considerable period of time following a univariate approach. They also discover that there are very low correlations between international bond markets and conclude that from the perspective of UK investors, there are still benefits for investors seeking to diversify their portfolio internationally. In addition, other financial economists document a low correlation between international bond market returns, suggesting that diversification benefits were available to US investors over the 1970s and 1980s leading to higher returns with no additional risk relative to portfolios of US bonds alone (Levy & Lerman 1988; Burik & Ennis 1990 ).
Methodology Correlation
Financial analysts traditionally use the correlation coefficient to measure the degree of integration between any two markets using historical data. We first analyse the correlations between long-term government bond yields (over five year) to examine the potential diversification gain for investors investing in these markets. The major disadvantage of the correlation coefficient is that it can only represent the short-run relationship.
However, using this correlation parameter may be misleading since markets often diverge considerably in the short-run (i.e. periods up to one year), but may actually be well integrated over longer periods. For example, a low correlation coefficient might suggest that markets A and B offer diversification opportunities relative to other international bond markets, as a result pension fund managers and other investors with longer investment horizons may diversify between these two markets believing that they will be spreading their risk more effectively. However, if the markets are in fact integrated to an extent which is not obvious by looking at the simple correlation coefficients then investors may not achieve the degree of diversification initially expected (Clare et al. 1995) . To avoid this problem, cointegration tests have been widely used to reveal any long-run linkages between international markets.
Cointegration
The empirical studies employing methodology of cointegration has been increasingly becoming popular in the literature. Cointegration has been showing as a prominent technique to investigate the relationship between economic and financial time series.
To explore the international stock market cointegration where the perfect market integration means a pair of stock prices is cointegrated and this also implies that there is little gain from international diversification. Many authors investigate the comovement in the long-run of the stock market prices using the technique of cointegration to pinpoint whether there exists such long-run benefits from international equity diversification (Taylor & Tonks 1989; Chan et al. 1992; Arshanapalli & Doukas 1993; Chowdhury 1994; Rogers 1994; Arshanapalli et al. 1995; Kwan et al. 1995; Chan & Gup 1997; Masih & Masih 1997; Kanas 1998a Kanas , 1998b Kanas , 1999 . Many of the previous studies have focused on the diversification benefits of international investment in relation to the cointegration concept. The interpretation that no cointegration among two or more national stock markets and bond markets implies long-run gains from international portfolio diversification has been suggested by several authors (Taylor & Tonks 1989; Byers & Peel 1993; Allen & MacDonald 1995; Gallagher 1995) . In addition, Kasa (1992) has argued that cointegration among national stock markets implies no long-run gains from portfolio diversification.
The current paper will employ the cointegration technique to investigate the linkages of the Asian bond markets pre-and post-1997 Asian financial crisis. In addition, the analysis of these links has strong implication for international diversification, especially, investment with the long-term horizons (ie. pension funds).
In general, international investors will normally hold bonds from more than one national market in the expectation of achieving a reduction in risk via the resulting international diversification. This paper will consider the diversification benefits from the perspective of Australian or the US investors contemplating to invest in Asian bond markets. If Asian bond markets are very strongly correlated in the long-run which is an indication of high degree of international financial integration, diversification will be less effective. On the other hands, if Asian bond markets are operated independently of one another, which is an indication of a lower degree of international integration, international diversification benefits will be achieved by Australian (US) investors. Hence, an important indication of the degree to which long-run diversification is available to international bond market investors is given by determining whether the Asian bond markets are integrated.
In order to test for cointegration, the first step is to check if each series (in levels) is integrated of the same order. It is common in financial market data that most of the macroeconomic and financial time series are integrated of order one, in other words, they are following an I(1) process.
Unit Root
A time series contains a unit root (integrated of order one) is non-stationary and the first difference of this time series is stationary (integrated of order zero). In this paper, the Dickey-Fuller (DF) and Augmented Dickey-Fuller (ADF) methodologies are employed to test for the presence of a unit root. However, as both of DF and ADF yield similar conclusions, only ADF unit root tests are reported to conserve space. The basis of the DF and ADF unit root tests is briefly outlined as follows.
Consider an AR(1) process:
(1) where x t are optional exogenous regressors which may consist of a constant or a constant and trend, ρ and δ are parameters to be estimated, and the є t are assumed to be white noise. If ‫|‬ρ ‫|‬ ≥ 1, y is a nonstationary series and the variance of y increases with time and approaches infinity. If ‫|‬ρ ‫|‬ <1, y is a (trend-)stationary series. Thus, the hypothesis of (trend-)stationarity can be evaluated by testing whether the absolute value of ρ is strictly less than one in the equation (1). Hence, the unit root tests that we provide here tests the null hypothesis H 0 : ρ=1 against the one-sided alternative hypothesis H 1 : ρ<1.
The standard DF test is carried out by estimating equation (1) after subtracting y t-1 from both sides of the equation:
The null and alternative hypotheses may be written as H 0 : α = 0 (ρ = 1) and H 1 : α < 0 (ρ < 1) and can be evaluated using the conventional t-ratio for α,ˆ/( ( )) t SE
whereα is the estimate of α, and ) (α ) se is the coefficient standard error.
The ADF test constructs a parametric correction for higher-order correlation by assuming that the y series follows an AR(p) process and adding p lagged difference terms of the dependent variable y to the right-hand side of the test regression:
Similar to the DF unit root test, this augmented specification is then used to test the null hypothesis H 0 : α = 0 against the alternative hypothesis H 1 : α < 0 using the conventional t-ratio, which is the ratio of the estimated α to the coefficient standard error of the estimated α. An important result obtained by Fuller is that the asymptotic distribution of the t-ratio for α is independent of the number of lagged first differences included in the ADF regression. Moreover, while the assumption that y follows an autoregressive (AR) process may seem restrictive, Said & Dickey (1984) demonstrate that the ADF test is asymptotically valid in the presence of a moving average (MA) component, provided that sufficient lagged difference terms are included in the test regression.
The finding that many macro time series may contain a unit root has spurred the development of the theory of non-stationary time series analysis. Engle & Granger (1987) The purpose of the cointegration test is to determine whether a group of nonstationary series are cointegrated or not. As explained below, the presence of a cointegrating relation forms the basis of the vector error correction (VEC) specification. In the current paper, we employ the Johansen (1988; technique to test for the cointegration between those economic variables. As this methodology is well-known and widely used in the literature, we will only discuss it in brief 1 .
Suppose that a set of g variables (g ≥ 2) are under consideration and they are I(1) and it is thought that they may be cointegrated. A vector autoregressive model (VAR) with p lags containing these variables could be set up: The VAR equation (5) The Johansen test centres around an examination of the П matrix and П can be interpreted as a long-run coefficient matrix, since in equilibrium, all the Δy t-i value will be zero, and setting the error terms, u t , to their expected value of zero will leave
The test for cointegration between the ys is calculated by looking at the rank of П matrix via its eigenvalues. There are two test statistics for cointegration under the Johansen approach, the so-called trace statistic (λ trace ) and maximum eigenvalue statistic (λ max ). If the test statistic is greater than the critical values then we reject the null hypothesis that there are r cointegration vectors in favour of the alternative that there are r+1 (for λ trace ) or more than r (for λ max ).
An important factor which influences the results of these tests is choosing the appropriate the lag length. It is normally a problem in determining the optimal number of lags of the dependent variable. As suggested by Brooks (2002, p. 380) , there are two ways to do this. Firstly, it could be decided based on the frequency of the data.
However, as we use high frequency data (daily), it is not an obvious choice in this case. Secondly, another option which is more appropriate in this case is to base the decision on the information criterion. There are three popular information criteria, Akaike's information criterion (AIC) (1974), Schwarz's Bayesian information criterion (SBIC) (1978) and the Hannan-Quinn criterion (HQIC) (Brooks 2002) . In this paper, we use SBIC to identify the optimal lag length as SBIC embodies a much stiffer penalty than AIC, while HQIC is somewhere in between (Brooks 2002, p. 257) .
Granger Causality
The Granger Causality method seeks to determine how much of a current variable, y, can be explained by past values of y and whether adding lagged values of another variable, x, can improve the explanation. Then, y is said to be "Granger-caused" by x if x helps to predict y. In other words, one looks at the coefficients on the lagged x's to see if they are statistically significant based on an F-test.
This method runs the bivariate regression of the form: For all possible pairs of (x,y) series in the group. The reported F-statistics are the Wald statistics for the joint hypothesis:
for each equation. The null hypothesis is that x does not Granger-cause y in the first regression and that y does not Granger-cause x in the second regression.
Data Data Descriptive Statistics
We use the daily government bond yield from Asian bond markets over the period from 02/02/1990 to 03/02/2005. Data are collected from DATASTREAM.
We divide the whole period into 2 sub-periods. The pre crisis period is running from the beginning of the data set to 30 June1997. The post financial crisis is from 03/11/ 1997 to the end of the data set. The rationale for this division is to avoid the excessive fluctuations during the financial crisis and to uncover the differences in linkages pre and post 1997 Asian financial crisis. Karolyi and Stulz (1996) and Alaganar & Bhar (2001) pointed out that there are different time zones in international markets and markets are not open and closed at the same time. Therefore, in estimation, it is important that we consider the time differences between markets. Another important factor is that national holidays also differ between countries. To deal with this, we use the closing yield from the previous day for non-trading days.
Time differences
The time difference between trading times in the U.S. market (New York time) and the Asian markets range from Korea and Japan 14 hours ahead, Singapore, Malaysia, Taiwan, and Philippines 13 hours ahead, Thailand 12 hours ahead, and Australia Sydney 15/16 hours ahead of New York time.
Given that the US closing stock price of a day (t-1) before Asian stock market opening price, what follows is that if Asian stock prices are sensitive to the US stock price changes and the market is efficient, the US stock price information in day t-1 should be reflected in the opening price on day t of the Asian stocks. If the Asian stock market is partly efficient, only part of the information will be reflected in the Asian opening price of day t, with the remaining changes spilling over during the course of the day. Table 1 represents the correlation coefficient amongst the yields on the government bonds. It can be seen from panel (a) that the yield on Australia Government Bonds is highly correlated with the yields on US (0.88), Japan (0.90), New Zealand (0.94) bonds. It can be concluded that there is a very strong relationship between Australia and those countries over the entire period. The US government bond yield is highly correlated with most Asian government bond yields. New Zealand Government Bond yield is also highly correlated with the government bond yields of Asian Countries.
Empirical Results
Asian Government bonds yields do appear to be highly correlated with the exception of Korea. Table 1 panel (b) and panel (c) give the correlations between those countries' government bond yields and allow for comparison between the period before the Asian financial crisis and after the crisis. After the crisis, the correlations amongst the yields on Australian government bonds and those of Asian countries decrease in general. In contrast, there is an increase in the correlations between the yields on US and New Zealand government bonds and that of Asian countries.
[INSERT TABLE 1 HERE]
In addition, it is also clearly shown in table 1 that overall correlation of government bond yields between Asian countries and Asian countries with the US, Australia and New Zealand are mainly positive. However, these correlation coefficients are relatively quite small and they indicate a low degree of international financial integration in bond markets between those countries. Hence, according to the diversification theory, there are still potential benefits for Australian/US investors looking to diversify their portfolio internationally in Asian bond markets. Table 2 reports the results for the unit root tests. All of the time series for the government bond yields in level terms contain a unit root, but it appears that there is no unit root in the first differences. Hence, we can conclude that all of these government bond yield series are integrated of order 1 (I(1) processes).
Unit Root Test
[INSERT TABLE 2 HERE] Cointegration Test
As all the time series are I(1), we employ a cointegration test to uncover the long-term relationships amongst these time series. Table 3 represents the results of the bivariate cointegration tests, that is, each country with Australia and the US. It can be seen at first glance that there are not many pairs which are cointegrated and this also indicates a relatively moderate degree of international financial integration in Asian bond markets. In general, to consider the whole period, it is shown that Australian and New Zealand bond yields are cointegrated. Australian and Malaysian, Australian and Singaporean, Australian and Taiwanese, Australian and Thai bond yields are also cointegrated (at the 5% level).
[INSERT TABLE 3 HERE]
To consider whether US bond yields are integrated with a selected sample of Asian government bond yields, bi-variate cointegration tests are conducted for the pairs between the US government bond yield and other Asian government bond yields. It is shown that the pairs of US and Japanese, US and Singaporean, US and Taiwanese, US and Thai bond yields, are integrated. However, the analysis shows that there is no evidence of cointegration between the Australian and US bond yield. In addition, the analysis shows that on bilateral basis, the US and Australia has a similar influence in these markets.
Moreover, in comparison of the trading relationships between the Australian and US government bond yields with that of the Asian countries, the results indicate that the long-run relationships change after the Asian financial crisis. For example, the pairs of Australia-New Zealand, Australia-Taiwan and Australia-Thailand are cointegrated for both the period pre and post crisis. However, the pairs of Australia-Taiwan, USTaiwan and US-Thailand are not cointegrated before but are after the crisis. Other pairs are cointegrated pre-but not post-financial crisis including Australia-Malaysia and US-Singapore. Table 4 
Multivariate Cointegration Test
[INSERT TABLE 4 HERE] Granger Causality Test
We further examine the line of causality between these Asian government bond yields with Australian and US government bond yields by employing the Granger causality test. The results are displayed in Table 5 . The results of the Granger causality test indicate that there is Australian bond yields Granger caused New Zealand bond yields and New Zealand bond yields does Granger caused Australian (two ways). In addition, there are two directions of Granger causality running from the US to Australia and the reverse. In the case of the US, the results indicate that there two directions Granger causality with the US: US -New Zealand, New Zealand -US, US -Thailand, Thailand -US, US -Japan, Japan -US, and one way from Taiwan to the US but not from the US to Taiwan. In addition, there is little difference in the Granger causality in the two sub-periods. The results of the Granger causality test also reveal the presence of the low short-run causality relationships between those government bond yields.
[INSERT TABLE 5 HERE]
Conclusion
This paper investigates international financial integration by examining the interdependence of government bond yields in Asian government bond markets over a considerable time span. The analysis in the current paper does not indicate a very high degree of international integration between the Australian/US bond yields with selected Asian bond markets. The reasons for this conclusion might be barriers to international trade and investment, lack of free trade, inadequate information on foreign securities or simply home country bias in these Asian countries. In addition, other explanations for the lack of long-term integration between Asian bond markets may be due to institutional idiosyncrasies such as heterogeneous maturity and taxation structures, and differing investment culture, issuance patterns and macroeconomic policies between countries, which imply that the markets operate largely independently of one another.
The paper analysis provides strong implication for international investors and fund managers in relation to international diversification. The low level of correlations and cointegrations indicate that considerable diversification benefits can be obtained by Australian (US) investors contemplating investing in these Asian markets. The results are consistent with many other studies in the current literature (Errunza 1977; Errunza 
